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im^m miz^^&xn dab) sr^tt 

7tjS*?(?);KT'f ( 2 ) <7)|*i(|!|tM«<07 yl/^'-xix^ 
h ( 3 1 1 fcti 3 2 ) ^iltCl i: T'MffilCJgfi^Sfl/c 

# ( 4 a 1 ) m^jmamzmi^tanmm:^ 

(4b 1 ) SrJROWC, .•Kr-fiO^Hffl-CSgiajAPt:: 

i&si.?^*w-f (omx-^^m ( 7 ) {33i*g-ri, x o 
izm^±xrzmw^yr:^i^ ( 9 1 ) tcs^^^x. 

Pffl3!it#<0-<J:ffl!|{iS}«cAP ( 5 a 1 ) Sr, g^ftttiP 
i!li2il:#c7)Z»:(l|{i1»f*:ajP ( 5 b 1 ) 2:, fflSOj£jh 

SilTtSratiS^ft^A-yA'- (6) ty-vr-e^O^Haii 
{cm$fi)t^«i^^ ( 7 ) SrIiBg-r?.. i^S^ffc 

;jfyr3|s#: (91) (CMV^T7 -f ;l':?-xV;<y 
iR=5:IS«T&l.tco (3 1) *^fflV^^>i^l.i,c7)^^»LT 

7Ldifcfi;^y -y h^t'^^-thX^-^- ( 8 1 *!t{± 

82) t:i^A.t:o ix-mmizm^iLX . -en^toTM 

(n) (x 1) tcM^^T^»*«iS?l$ti.-?.XSi: 

«c ( 9 1) (OSStajAP (lab) *«t»*;i^y7lB«» 

cr>^^-Y (xl ) t-gf«!§tifct,Ol=S^v^TS^{i. ^ 

-h ( X 1 ) f,z^.\i^xmm\JM<rit $«^*AP-s^ 

f!|5APIij£ih#-»©#:-?-^ — *y < ;P^-xU^ y 

h-SmS^^ajAP-'-K-h (xl ) <r)]mz'&ix. 
dot ^«^#:AP*^'i>©5ltl.i^{*:^*»ft^^yA'-lC 

ffltf). d^-h (x 1 ) ^z^\^xmsi%m^xm>tt 

^-h ( X 1 ) ^^tlJAP^SSt^-»7 ^;W^-XV 

^ y N -^mw'h^ f;^ftaiprai)£±#-«]'*ajp 

$ti^mi::J: 0 mt O Lit 7 -f -xi^^t y h« 

^maiP*[6]{cj^oaiti«<*i:^i.. liLha^c^ft 
m 1] 

[|««3R2] (^f) [fi^iii] iasio«^ft^>-7-*f*c 

(91) tcS^V'>t^*APffl!|j£ih# ( 4 a 1 ) 0-<J:ia 

fc i^3Sjt#is!io7 ^u^'-xi^pf y h mfmt(r)^^ 

aaicS^P (la) S:|g{-hti>iOi: LTKtoyit&f^c 
y7'*f*: (92). 

(o) (x 1 ) \,zm\^xmd:^m\^tihiin.b 
msm^^^tihxntifi^iiZKtimii^. --k- 
f ( X 2 ) (-5*(,^-C'-K- h ( X 1 ) ij^smmm^TM 

(r>t § =5:1. J: 3 cm^it^SJft 

jKyriBijaj. ja±a^^«)«c;Ky7^ftc ( 9 2 > <o2 

^laSAP (lab) **m;Ky7*®l!ia50dr- h ( x 



1 ) izmm^il. miZ^%Xn ( 1 a) ( x 

2 ) l,zmm^tifzh(OI,zm'>XSM.li. ;K- h ( X 1 ) 

izn\>^x?Em3\xmeot mii^xn-*mi^xam± 

S5ltiJAP-;K-h ( X 1 ) (O)iican, dot 
AP*»^>iS5|-ri.Si*$rSif*^A'yA-izffli6, 

( X 1 ) i,zM\'^xm^mxm<obt^- h ( x 

1 ) ^^*AP^SmS-»7 -f ;k^-x^;.<>-h-^?5]' 
frf-^ y^^'-^:^«J^±iP(i3!ih#->S}f*tilPO)i^^a 

mmfi,ii±tLxsm3\Tn<r>t^m\wz 

^TV^, |5llf#t4^-h (x2) ^S§vAP-»S}ftf-^WN' 
-^«^*tiiP(l!ia[ih#^«i<*aiPOJiBta[it. 

im^vm^m^mm. m 21 

umms ] (^ ) [it^^i ] immi^^yr:^i¥ 

(91) tCJtV^TlROftft/^il^^^APffljSih* ( 4 a 
1 ) tmtBPffliMit* (4 b 1 ) (Dmiz^hm^ 
^r^'f-aX-:?-#ij/N>7' (4abL) (4ab 

R) immti{i(obLxm>i^ti. m^iziimm 

AP(5abL) (5abR) ijtmm^tlfz^i^^yr 
( 9 3 ) , 

(o) .-K-b (xl) izm^^x^%m3\xmtsm^ 
mxmtiii^izxtmh*). ^'^/urmmsm^<o 

h tMv^T-?-OAa#*3 0 1 Isip-rSA/pyso 

i^^) ^i^^tyy^a^ (93) o^^vjuap ( 1 ab ) 

mmyrmm^-h (x 1 ) ^ 
T^' f-iX-rj'-f^ijA'/py •s.^^Ti? f-ax 

:h^-hmw4iyrmmm^<>u:fmm^mn<n^ 

(-) m±^'^/iiEHCMV^T, (x 1 ) izWi 

* izj^juyunKcommmmxti^x. 0 1 ^^.ivzrmm 
^m^mmi^ (19b) Wfh, m^^zm 

[0 5] 

[is*3i4 1 imm^ ] isiBio 1 mxm'mm&m. 
m.zm^x^^ifiyriif.'^ ( 9 3 ) s^r^'f-ax 

f^fai>''?/l'y (4abL) (4abR) -efl-fili: 

mS^P (la) $rigtt;^c«)<*c;Ky7-** (94) 
tUTi&ft/ctOtJ^V^T, (xl) trMV^TE 
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(3) 
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6] 

%mmimizM\'^x . .-K-h (xi ) izm^m.m\ 

m^^^fl^f (4abL) (4abR) ffl5«0A;wrgP<0ffl 

AVl.7'gP*J|B<lll(i ( 4 a b R ) -C'S)S t #Htl.lI!l{i 

(4abL) X'hmm^-xitt. m<mit (4 

abL) X'$>^t^mtmii (4abR) X'h&mi^ 

(a) (x 1 ) izi^\.^xjm^m^mxn<^ 

^-Xli:2fccO^:^t;:**l^T (4abRfc4abL) 
(VN) --K-h (x 1 ) tMv^Tffi^S^ttl&iOfdlScO 

ir-x 1 izi^\,^x^^f\^rmm<mii ( 4 a b d -e* 

(4 abR) ^^-X2tcMV^T^ 
<fiBi ( 4 a b R ) fii OH t:l.ffl«i ( 4 a b L) 
m^t^j:H^iz\S.i!bl, Rha^/w. rft-b (x 
1 ) t*^V^TS5\®?IXS<Oi:§i:ffiilS2S^«*&cofCL 

Scot #(C^^T:?^iX-^-MlJM';W7'ffl5«0/N';l. 

[0 6] 

li5'\tmffMiii^^yy^^i:2fSmHzm\^t:t<r>l>z 
(-f ) M»'-Ky7°*«s2fiit-?-<0«»ftAP ( 5 a 

1 ) m±^m(r)mxD ( 5 a 2 ) tc^-&-ri,©*A 

□va:f^-;PH (10a) b<om!^'ki:>it. ttiii. 
(a) Sf^!|?}f4c;Ky7'**2fgii:-eo^#:a3n (5b 

1 ) m±^^mcomiiin ( 5 b 2 ) tcj^-^-ri-mftai 

□Vx:^-;WH (10b) bffim^f-^h^. ttiH. 
( 1 0 a ) fci|!(J#ctiiPV-*-;Wh' (10b) cOM#t 

(Dm^'^h-^mm^miKm^j:m^^hitizxh2^ 
(-) (X 1 ) i,zi^\,^x?s.m3\xn<r>b^ , ^ 

(xT ) ^C^*V^Tffiffi^0t*&IS^:=5rO^K-^ 

( X 1 ) i,zi^\,^xsm:^mxm(r>b^Tii- h ( x 

1' ) {c*^v^TS^iR?llSi:'5rStv^-5A:. ;K-h 



( X 1 ) t ( X 1 • ) «v>Tffl5(wM=5rl.XS*53i!5 

SmtBAP (lab) A^^- h ( X 1 ) izmm^ti. ffi 
*c7)^aiAP (lab) h ( X 1 • ) 

ixi.:: tti mi^^yy^i^2mzn\^^xwzm^j: 

ixnb^shXoizmm^tih 2mmmfs,mm 

a. [US] ttzti. 

(*) ( X 1 ) tcS^V^TS^ia^l^JtJiE^SM 
ttl&(^Xg7!OTtA<x#i?l. J: a t*8)S$ii^c1»f*c^ 

yriBili^t 2®3s:i|?)f*4tyr*f*toMf«t*^v^t:, 

^l'^^:< b hM1f<7)^liiXD (lab) h ( x 

1 ) izmm^tihzb tcj: mi^yi^yy^i^ 2mizn^^ 
xmmzn~ff)xmb ^j:i>xo izmt^tih 2 

[0 4] 

[ii*«7 ] [11*31 1 ^^^{±2 ] smmmmm 
tm&x'hi mmi^^%mmmmizt^^^x . tfzn 
[fi*«6 ] Bm2m^fjii^^%mmmmzn^^xm 
wmmmmzx'hiij(oizi^\,^x. mxu (5a 
1 tt:ii5 a 2 ) bn^mmi i>-:>^m3\mm ( 5 

a 3 ) comcR^lP ( 5 a4 ) #jgtCj£jJb# ( 4 a 2 ) 

immtz. ^m\xmcr>b^iz-~mi^xatx' 
mB\^tirzmi}<sm^mj:mb^j:^mzi^mi3\ 
nmizm'ti:ibm±-thi><7), m 4] 

[00013 

thhcox'ht. 

[0002] 

XoKi:m<D^m^ (16 7). EP*>4t- h ( P ) 

ffas^^#ii&#K (14) bmm^ixim^ ( p-a) 
tiiEi03:^# (15b). m,^v)^xm.i^ ( 1 8 

b ) . 3i-# ( 1 5 b ) *M P-*A) ^c^b ^Sm. 

(U) {zM^t:mt&^ 

(13) T'S>i.xi;xi?^-. ( p^ 
A) mm<^b^mmm (20) m^txm^ 

mihtzih(r)^m&i'yf' (2 1) T'ffiBe$frl>IE 

ii*>'{aaL. ^corm^zii^-h (xi ) bmrntis^^ 

m(7) . 7-f;P:J'-xw^yh (3 2) , I^Wtf-A-y 
^N'- ( 6 ) . S^«cAPffl!lffii:# ( 4 a 1 ) *«lRO#»t^> 
iX-CtiB£$*l^c«^{*AP ( 5 a 1 ) . af*aiP{|II)t±# 

(4b 1 ) izmtmrnff^mx-m^^ix. ^<mm 

\m.<r)iio^j:^,<r>X'hh, W>\,zmSSSi!mkk^Wi ( 1 
4) ^(±(P-»A)gf^t**S3^r 



(4) 



#ga¥9-7 1325 



mmmtm^. mm^m^ (i 1 1 ) *>^>^ 
lit 0 c7)^w«)flsifigniie't ( 5 a 3 ) * jiomftA 

^Z'ptj: < hill « ^i^^^ y^<-izmmt.: 

^ixim^-^jixm-msm (15b) mm^ 

itmmz^fimKi?y9(o^^f}<^mmrM'^x 
SMMm^zm^tiimz^i't^n^'^iV'^ti^y < iv^ 
-oivy^yvrnw^^ y^^-{zmrhm\.zmLtzm 

ftf-A- yf<-<r>^j:i}^mmTm(7imk^^x'hh 9 y 

^(113) tcgfttl-rs. tLh*n-9-^ ^'/KOii^t- J> 
}PX±^tz:Jii^j.99-^mWmm\i!^W<z1^\^ 

) ISBx^-xtM 
9y9 mW^XUizHh \, ^i^^-tl. J; 3 tcIX 0 W It I. 

S§ tit V ^ I, art ^' y ^' tcf^*> ^> itiSr IX 0 Wtl. 

\i. ^#i<^^\^xm.-t^hi:x.^j:\\ tti. mw. 

(n) Rg^^n/^riSa^ff^ 

mia?nii2«^7)5i;jigtisa$iii.'« ^if sti-cfc 
t^rmizismi-rh h<ox'$) o . dtt^r^iiMt ixm\ 

{i;=5:</\ Lfzifi-^xm.l.zmhhmV^f^iimi'^^ 

^y^ffidis) ±xitTh^&mirmim<r>mm 
bfmm^o. i>L<im^^m.^msizm^^j:ini 

mm^X'$) h^yy t®*Jtcit3t t T L i -5 ^ ^jSH 

(~) A-.y^^#:ij}jiiia 

mi-^ y^^-^m^<7):ka.mm~mzmtiiti9 
^ r<r)m.x'h 0 , ^ifL-f^wm^z^mmmzki 



t uzio^i^i-^y^<-<^:k^^^^mizM.-^omfm 

m3\xmmmi^xn ( s a i > txm3\i^mi¥ 
mwmtiixmmmmm^^ ( 1 1 1 ) 
IX Ltd mkb 3 t^-ri. . 

[0003] 
[0004] 

^'-xi^^yh (3 1) i:m^<7)^^T^ {2)<7)miz 

mtxm^mmma^mi^xnm±^ (4 a 
1 ) bmmnmmL^ ( 4 a n fcm^t^'ife** 

fzi^h^^f -( by 'i fV9-xu^yhb<02 mmm^ 
$ 7 -f ;W ^' -X k ;< y h HHSra t m t -v y 

A'- ( 6 ) ^mmi. ^mm^mizs:^ ( ? ) $: 
ffl^-ti.. -e*^^, [0 7] ts^-rxy'x^'^'-^ 

1 7 -< yu^- -x^;< y h t S:#;?iAixS 

^4>i:, ;KT-f (2) m^^iz^^ 

AP ( 1 a b ) imtzZ t 0 , «3^*;Ky7«g|5 
^ cr)mi)-t^^%liiXQI<zm.mLX^m\iim<7)X' 

(o) is^§ftfcisa^fr^3?»-ti.¥s 

'oxti. m\<^^'ihi^smizhmit:mmbi-izb 

(lab) (13) bmt. m 

1 ] flfctC*^V>-C{*^#:APfflfitih# ( 4 a 1) im< . 

tfz m 5tt:lie] ^zi^\,^X-^ixbmumx%h 

( 4 a b L trzli4 a b R ) iO>'N>7"IB*»'S$ , [0 
1 ] ffifc:S$V^-C?»ft:|15aiS!li£iJ:# (4b 1 ) ij^thi 

fzii m 5*7t{±6 ] i,zt^\,^x^tibmtm\x'hh 

( 4 a b Lttzm a b R ) <Of^f\^yUimtlZ bX' 

'ffo, zcDb^^n.t^mm<m itrzii2t 

fzl,i4 ] tcMV^TS{*:Aa ( 5 a 1 ) ij-h, tfz LM 
3] iz1i^\^xm#Aa {5&2) t^h.ttz m5 tfz 

{i6 ] \iZi^\^xj^)i'-:rmim>^tim<r)^W}^Ku ( 5 a 

bLS:fJi5abR) *'(oia?l§itm^-vyA'- 

(6) (;AS*<. SfrSrSX^^^yA'-ortlStcIXOS 
L/ii ^ , ^fSn\iy < )V9-:t.V^ y Y ii^h'SBm 

(7) SrfflO^aJAP (lab)*»^>ia5l$<xS. Cl 



(5) 
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tibm^zsm.m^ti^xD dab) mm?^%^ 
mB. (14) tmi. ^m3\xnxm^t:mm 

mmi,z^i(>tiism&^ii^t tT7 -f /w^-xi^^ 

yh(0^m)mcon±t:'ifoZb^zm$ii. 
(la) 

(A) ll^$ii/cffi3li:^[6]SrK»t- 

y r*f*Sr [0 5 1 ^Ji 6 ] tc^-f J: a izS^ 

\^i}^mb^imn.7^i- :>.:£.- ^-f^m^-s^uy ( 4 a 

bL) (4abR) ^rJXOWt^vTtcT) (9 3) (94) 
b Lfzi><Dizm\'^X. S^aSAP (lab) tJ^ttSX 

^'^aX-^-a5Of»^©J1»-r^ii;{CJ;0ff3. BO 
SSvtiJAP (lab) *5ffi§iifi§|lS'CJ)-&i: ^iR 

•9 1 ( 4 a b L) cr)/<:)\^r3i}i^^ ( 4 a b R ) c7)ys';W 

T^gPA^K i; s i: LTt t . sm^^i^xmx'hi> t ^ 

t<4 (4abL) imt (4abR) *«M<K^i:=5r5 

J; ^(;:^Ti?^;tx-:?-*E<7)f^Sr$iW-r'l.^ fc-e 
fifrHlAP (5abL) »<^A0 ( 5 a b R ) ffljA^tH 

(lab) t*^{tSSililS^^;t^v^i:M:ig<il!l<^A* 

f\^r^ bmt mcof'^'i^y^ b mmmmi^immt 
hzbij^tamxoiz. a^r^'^AX-:5'-$ijffli^§i 
m^mm>mizf'^f\^ymm^m'^mt^ ( 1 9 

b) S:]RD#{t-cm$riif^f.|.C:i:tckO, f/JftttiA 
PT*-tt# (5abL) li*><oAO (5abR) UK 
ail.:^l«ni: (5abR) fi!l*>ioAO (5abL)ffl!l^aj 

f-JLX-;5'-Mfi>'^'/^r^al:o>'^';^7•g5^0^ffli)f^*^?g 

majAP (lab) i,zmiih^m.^\ttzitm&m 

i^xmi/^MLmhl b^b nmi-tAX'li m 1 ] ^: 

b'm»^yr:^i¥ ( 9 1 ) tj*(tl.3»±# ( 4 a 1 ) 
(4b 1) t|BltJ:a^r^BHfi)f^i:=S:^W*T'J)S*^, 
^niC«L-C [M*3S5 ] 3 tSSir^f-iX-:? 

m^xtmumtixoizmmttms^b^t^i- 
^ yj-^-i<~miz^mm^ y^ ^mmhz bbts: 

0, [0 7] ICq^l-Xx'x^'^'-j^flc® 

5lfifai^fil:fc{tl.S^^E^y^ (2 1) ^''^<Z.b 



t^^btahnrnx: [ 0 0 0 4 ] <^ (>f ) t^j^^ISS 

\t^mz-f^miz^>%mh, 

«$-/hS<-r'S. C*i{4 [0004] (0 (>f ) t^'^fc 
3. IP^>, x>;x^':?-5ef/J«5ifi?im^M*%')tr/^ 

m^\i.wmm : mwmiiixwi\mmb(o»]^ti< 
20 : ix'hii^-( ^ju^s-^^bixwm-mii^ 

<^it:^mizmximtli 1 -^--f :7/K0SiJ-^S: 2 : 
1 1 LT 5^)-^{l6 0^^ ^/l^X-mm-l. Wzibiz 

m^ij[^i,zi^mmi:n 0 i?j}m.mimmm\ ^xi.i 

mWXU ( 5 a 1 *7t(4 5 a 2 ) t to^* 

i©?ii!iiei= ( 5 a 3 ) mwm\u ( 5 a 4 ) ftiecffi 
it* ( 4 a 2 ) 0 z b t J; '0-B.fmxat 
x-m ^ixmm&ms^mxmmi,zmmn 

mizWTt^Zbm±l. ^i^XmzHK^-ohmi^ifi 

^^l^mm. ^(^iz. [0 3] tc^-rJ;^=5r 

[0005] 

HH-f I.. ^mi±. mr^yrmimzmi}-^^t(>ii 
htt:mmiyrmmmii''fHmiz^i'?>^m 

(y 1 ) rfi^htim^co^h^t 

X'x-mm-ri. mn^y^yy^mmm^^^ 
mzmfhi><nx'hi. "smEmzm-th r^sj 

fgt. ^§iAP (la) mmth^mzmth 

( -) ttiE^^Stj^^g^/cJi^iSai^Sot' 

6] {CMV^T^mr^'^aX-:5'-f^y\>7- (4ab 
L) (4abR) {4SmT:?^AX-^-gp«4#l6aT 

ii^t^ (16 1) |*l(Cl»fr;KyT»g?fc LT^-rt<7) 

{4. 1 ] mwr^yri^w ( 9 1 ) $:igiirrs 

iK«^»'-J^>'r|giia5J:1»#;;KyT*f*c ( 9 1 ) fc<7)B5 
{S(cMv^-Ci'hgP*>'^4;i^>iil.S^ft-^ ( y 1 ) 
tffV^SmaiAP (lab) iJi'hgPiOEi^zSS^ttJ&^S 

(14) tti\i'^m\^n. (13) <oi:'*>^>t«ig!-r 

( 4 a 1 ) ( 4 b 1 ) ifi}£<r>i.r>-^j:Wmm 
^btchtK ^m^bLXfiiW^yr^W1f^<r>i.o 

^fi^ (y 1 ) o^Nai:>]ieflil(^§*««^fl£'-Jfyr*«st 



(6) 
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[0 006] im 2]<0-^^1*(162)rtm 

i^^yy-mm^t ix^^thcoit. [11*312 ] 

7ttyr:^w (92) mm-^fcib<7)mmm^j:m,m 

S}f^s;Kyr*«j (92) fctoM^tJ^v^T^ha5*»<5>4;l 
( y 1 ) <0*4S(CffV^^fvaiAP ( 1 a 

b ) mm<7)mm.m^^m ( 1 4 ) 

( 1 3 ) (r))£hhtm.t^t\ ^%XU (la) 
(14) i:i8M-r.S*^t^v>A\ 
±#(4al) (4b 1 ) j!)5i:'c7)J:a^rami6#t^l. 

t\ ^(r>m^t Lx^m^^yr:^m^}c<r>i: o mmt 

[00 07] [0 sicD-m^wiies) f>^m 
i^it^yrmmub tx^^thcon. m^mei com 
:t^yr:^mmmthfzi^comm^%m(o-mT 
hh, 3Hi. mww^yrmmmt^Km 
i^^yy^i^t<?)mmzi^\^xmmz±-fi^m 
( y 1 ) (D^mi>zm^ms.cos.%iiixn dab) m 

SP«OEiBl^ffi*&#a (14) tf:zii^m3\m ( 1 

3)(r)i^-ibt^kim-m)\ ^ti^tK^m^yr:^^ 
(91) izt^uxmf^tihxm. ^com^t IX 2m 
^mw^yy°±wt tx t'co i ^ ^zimt^ij^i^- Uz 
{><ox'hi, ^musiiyrmmizmxmj^ ( i 
8 a ) Hzi^-mw'^Ji^m^mmmm^ ( y i ) 
oi^ai^jB#^«o:g$ t tiit^m<^^^ ^ 2o<7)3Siiiis« 

[00 08] [0 4] ( 164) rttfi 

«s;Ky7°IBi)g|5i: LT^tt [if*Jl6 ] 

4 ] {i, SK^#:;}fyrig»g|5i;fflS<^^ 

( y 1 ) <0*^!ltffV^ffl^^0^aiA□ ( 1 a b ) ^^Jt- 

ms.m!^mm ( 1 4 ) t^sii^c: t tc i 0 

fHm^j:smm%m^m ix<7)\mm-^hcot^j: 
h^^MK^y-:^ (21) ttz\imz^um^%^ 

( 1 3 ) t LTcOtt^gS:i^4>(Oh^ξx:7 
:5'-cOt'^/c>t»g!-ri.*\ S5vAP (la) 

(14) bm.thti^L^£\^t\ ^MtKD 

i^W^iyy^i^ (91) tM>-^T^§itl.ig, -f-o 



•flti^i^ltziiCOX'hh, tfz. m 4'Hz^tB 

*;Kyr**K*^v^t:tffl!it^ttt»<iinKyr**{i [is 
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(54) PNEUMATIC POWDER MATERIAL TRANSPORTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To miniaturize a pneumatic 
powder material transporting device so as to reduce the weight 
thereof by inserting a filter element inside of a body, and 
fixing each opening part of both ends thereof with a powder 
material inlet side check valve and a powder material outlet 
side check valve, and providing an air port at a barrel part of a 
body. 

SOLUTION: A primary side of a powder material inlet side 
check valve 4al forms a powder material inlet Sal, a 
secondary side of a powder material outlet side check valve 
4b 1 forms a powder material outlet 5b 1, a space formed by the 
ends of both the check valves in the center side of a filter 
element 3 1 forms a powder material chamber 6, and a space 
formed outside thereof forms an air chamber 7. In a powder 
material pump main body 91 using a filter element 3 1 made of 
the thin film, a hole, which is started outside of a body 2 at an 
air port lab, is communicated with the air chamber 7 inside of 
the body 2 through a spacer 81 having multiple ventilation 
holes. A powder material pump driving unit 161 is foraied so 

that a process for sucking the air with a pump xl and a process for supplying the compressed 
switched each other. 
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(54) [Title of the Invention] 

POWDER AND AIR CONVEYING APPARATUS 



(57) [Abstractl 

[Object] To provide a powder and air conveying apparatus that is small and lightweight, 
flexible with regard to installation conditions, easy to maintain, and that enables two-way 
conveying. 



[Constitution] A port involved in driving the powder pump main body of a powder 
pump driving unit is attached to an air in-and-out opening (lab) of the powder pump main body 
constructed by attaching air actuated operating valves to the openings at both ends of a body and 
a filtCT element. The powdw pump driving unit controls the opening and closing of the air 
actuated operating valves every time the suction of air and the feeding of compressed air are 
performed alternately by the air in-and-out opening, and performs the suction and pressure- 
conveying of a powder alternately in a powder chamber at the center of the filter element. 

[Scope of the Patent Claim(s)] 

[Claim 1] 

(a) In a powder pump main body (91) assembled by inserting a cylindrical filter element 
(3 1 or 32) inside a cylindrical body (2) provided vwth an air in-and-out opening (lab) to the 
outside, and attaching a powder inlet-side check valve (4al) to one opemng and a powder outlet- 
side check valve (4bl) toflie remaining opening in the openings of said two members formed at 
both ends, thus arranging for a hole starting in the air in-and-out opening to the outside of the 
body to communicate with an air chamber (7) inside the body, the primary side of the powder 
inlet check valve constitutes a powder inlet (5al),^e secondary side of the powder outlet check 

y 

valve constitutes a powder outlet (5bl), the space formed at the center of the filter element 
constitutes a powder chamber (6) with Ihe two check valves as closmg ends, and the space 
formed on the outer circumference thereof constitutes the air chamber (7).'^When a flexible-fihn 
filter element (3 1) is used in said powder pump main body (91),'^e main body is assembled in a 
similar manner after placing a spacer (81 or 82) with a large number of air through-holes or slits 
between the filter element and the air chamber, to be used as a means of ensuring air permeability 
between the two as well as limiting the moving edge of the filter element toward the air chamber. 



(b) A powder pump driving unit arranged in such a manner that the step of air being 
sucked in and the step of compressed air being fed are alternated at a port (xl). In a system 
where ttie air in-and-out Opening (lab) of the powder pump main body (91) described above is 
connected to the port (xl) of the powder pump driving unit, the air flows in the order: powda: 
inlet -> powder inlet check valve ->• powder chamber filter element air chamber ->• air in- 
and-out opening port (xl) when the step of sucking air is underway at the port (xl), at which 
time the powder sucked in firom the powder inlet is collected in the powder chamber; and whai 
the step of feeding compressed air is underway at the port (xl), flie air flows in the order: port 
(xl) -> air in-and-out opening -> air chamber filter element -> powder chamber -¥ powder 
outlet check valve -)> powder outlet, at which time the air regenerates the filter element which 
has been clogged by the powder sucked in during the air suction step, and passes through the 
powder chamber as-is, working as a medium that directs the powder toward the powder outlet A 
one-cylinder-type powder and air conveying apparatus installed in tiie powder conveying 
direction as described above. [Figure 1] 
[Claim 2] 

(a) A powder pump main body (92) modified by providing an air inlet (1 a) in the middle 
between the secondary side of the powder inlet check valve (4al) and the filter element fixing 
part on said check valve side in the powder pump mam body (91) of [Claim 1]. 

(b) A powder pump driving unit arranged in such a manner that the step of air being 
sucked in and the step of compressed air being fed are altemated at a port (xl), and that the 
compressed air feeding step is performed at a port (x2) when the compressed air feeding step is 
underway at the port (xl). In a system where the air in-and-out opening (lab) of the powder 
pump main body (92) described above is connected to the port (xl) of the powder pump driving 
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unit, and similarly the air inlet (la) is connected to the port (x2), the air flows in the order: 
powder inlet powder inlet check valve -> powder chamber -> filter element air chamber -> 
air in-and-out opening port (xl) when the air suction step is underway at the port (xl), at 
which tune the powder sucked in from the powder inlet is collected in the powder chamber; and 
when the compressed air feeding step is underway at the port (xl), the air flows in the order: port 
(xl) -> air in-and-out opening air chamber -> filter element powder chamber powder 
outlet check valve powder outlet, and said air mainly regenerates the filter element which has 
been clogged by the powder sucked in during the air suction step, and at the same time flows in 
the orden port (x2) -> air inlet -> powder chamber powder outlet check valve powder 
outlet, working as direct purge air to serve as a medium that directs the powder toward the 
powder outlet, A powder and air conveying apparatus installed in the powder conveying 
direction as described above, [Figure 2] 
[Claims] 

(a) A powder pump main body (93) modified with the attachment of air actuated 
operatmg valves (4abL) and (4abR), respectively, in place of the powder inlet check valve (4al) 
and powder outlet check valve (4bl) in the powder pump main body (91) of [Claim 1], and 
provided wifli powder in-and-out openings (5abL) and (5abR) at both ends. 

(b) A powder pump driving xmit in which the air suction step and the compressed air 
feeding step are altemated at a port (xl), and a valve control air signal that correlates with the 
alternation is outputted at the output port of the valve control air signal. 

(c) The scope of a one-cylinder-type powder and air conveying apparatus installed in the 
powder conveying direction, completed in that the air in-and-out opening (lab) of the powder 
pump main body (93) is connected to the port (xl) of the powder pump driving unit, and in that. 



when the air actuated operating valve is described by dividing it into the air actuator part and the 
valve part coupling therewith, the input ports of the valve control air signals of both air actuated 
parts are connected to the output ports of flie valve control air signals of the powder pump 
driving unit so that both valve parts will perform mutually opposing opening and closing 
operations, such that when one valve part opens, the otha: valve part closes, 

(d) In the above-mentioned scope, a valve control air signal switchover valve (19b) that 
can switch-over the opening and closing operations of both valve parts without changing the step 
when one of the steps at the port (xl) is being taken, is provided. A one-cylinder-type powder 
and air conveying apparatus Hat is reversible in the powder conveying direction as described 
above. [Figure 5] 

[Claim 4] When the conq)ressed air feed step is underway at port (xl) in a powder pump 
main body (94) modified from the powder pump main body (93) in the one-cylinder-type powder 
and air conveying apparatus of [Claim 3] with the provision of air inlets (la), respectively, in tiie 
middle sections between each of the air actiiated operating valves (4abL) and (4abR) and the 
affixing parts at both ends of the filter element, purge air is to be fed only to the air inlet (la) on 
the valve closing side, at least throughout said step . A one-cylinder powder and air conveying 
apparatus that is reversible in the powder conveying direction as described above. [Figure 6] 

[Claim 5] In the one-cylinder-type powder and air conveying apparatus of [Claim 3 or 
Claim 4], the relationship between the air suction step or compressed air feeding step at tiie port 
(xl) and the opening and closing operations of the valve parts of the air actuated operating valves 
(4abL) and (4abR) is modified as follows: 

(a) when the relationship that the valve part of (4abL) closes when the valve part of 
(4abR) opens during the air suction step at the port (xl) is referred to as case 1, and the 
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relationship that the opening side is (4abL) and the closing side (4abR) is referred to as case 2, 

(b) the valve parts of both (4abR) and (4abL) close in both case 1 and case 2 when the 
early stage of the conq)ressed air feeding step is underway at the port (xl), and 

(c) the valve opening side is (4abL) and the closing side is (4abR) in case 1, and the 
opening side is (4abR) and the closing side is (4abL) in case 2, when the later stage of the 
compressed air feeding step is underway at the port (xl). When the air suction step is underway 
and when the later stage of the compressed air feeding step is underway at the port (xl), as 
mentioned above, the valve parts of both air actuated operating valves are controlled so as to 
operate in the relationship that when one opens, the other closes, and when the early stage of the 
compressed air feeding step is underway, they are controlled such that both valves close. A one- 
cylinder-type powder and air conveying a?»paiatas that is reversible in the powder conveying 
direction, characterized in that during the early stage of the compressed air feeding step, as 
mentioned above, the air chamber and powder chamber temporarily constitute an air 
repressurization tank. [Figure 6} 

[Claim 61 A two-cylinder-type powder pump main body using two units of the powder 
pump main body of [Claim 1, Claim 2, Claim 3, Claim 4, or Claim 5] arranged in parallel, which 
is based on one combination selected from among: 

(a) a combination of two of said powder pump main bodies and a powder inlet manifold 
(10a) that integrates their powder inlets (Sal) into a common powder inlet (5a2), 

(b) a combination of two of said powder pump main bodies and a powder outlet manifold 
(10b) that integrates then- powder outlets (5bl) into a common powder outlet (5b2), and 

(c) a combination of two of said powder pump main bodies and both the powder inlet 
manifold (10a) and powder outlet manifold (10b). 



(d) A two-cylinder-type powder and air conveying apparatus that is operated so as to run 
mutually differing steps in the two powder pump main bodies with at least one of the air in-and- 
out openings (lab) connected to a port (xl), and the other air in-and-out opening (lab) connected 
to a port (xl ') in the relationship between the two-cylinder-type powder pump main body and a 
powder pump driving unit arranged in such a way that mutually differing steps are altanated at 
the ports (xl) and (xl '), i e., the compressed air feeding step at the port (xl ') when the air suction 
step is underway at the port (xl) and the air suction step at the port (xl ') when the compressed 
air feeding step is underway at the port (xl) [Figure 3], or 

(e) A two-cylinder-type powder and air conveying q)paratus that is operated so as to run 
the same step in the two powder pump main bodies with both of the air in-and-out op^iings 
(lab) connected to a port (xl) in the relationship between the two-cyhnder-type powder pump 
main body and a powder pump driving unit arranged in such a way that the air suction step and 
compressed air feeding step are alternated at the port (xl). [Figure 4] 

[Claim 7] In the one-cylinder-type powder and air conveying apparatus of [Claim 1 or 
Claim 2] wherein the powder conveying direction is fixed, or in the two-cyUnder-type powder 
and air conveying apparatus of [Claim 6] wherein the powder conveying direction is fixed, a 
system wherein a check valve (4a2) is attached near a powder intake opening (5a4) of a powder 
suction tube (5a3) connected to the powder inlet (Sal or 5a2), which prevents the powder sucked 
each time into the powder inlet during the air suction step from dropping toward the powder 
intake opening in a transition period to the compressed air feedmg step. [Figure 4] 

[Detailed Description of the Invention] 

[0001] 

[Area of Industrial Application] The present invention pertains to a powder and air 



conveying apparatus. 
[0002] 

[Conventional Techniques] Here, an ejector-type powder suction and discharge 
apparatus has been chosen as the type ttought to be closest to the present invoition among the 
various powder and air conveying apparatuses that are currently available, and this apparatus will 
be desaribed below. Said apparatus has the structure diown in simplified form in [Figure 7]. In 
this apparatus, an air circuit (167) of the scope shown in the dot-and-dash firame at the top right 
of the figure, i.e., a scope made up of a three-way valve (15b) usually in (P A) connection 
which connects a port (P) to a compressed air feed means (14), an air pulse generator (18b), an 
ejector lhat is an air suction means (13) that feeds compressed air when the three-way valve (15b) 
is in (P -> A) connection, and generates a vacuum in a vacuum generating port (U), and an air 
rq)ressurization tank (21) to store the compressed air via a quick exhaust valve (20) during (P 
A) connection, is located at the top; its under-portion is made up of an air chamber (7) to be 
connected with a port (xl), a filter element (32), a powder chamber (6), a powder inlet (5al) with 
an attached powdCT inlet check valve (4al), and a discharge valve corresponding to a powder 
outlet check valve (4bl) in this order; and this system works as follows. When tiie system is 
initially connected to the compressed air feed means (14), the air is fed to the ejector and the air 
repressurization tank through the three-way valve in (P A) connection. At that time, a 
negative pressure is created in the powdw chamber which closes the discharge valve and, as a 
result, powder mixed with air is sucked from an open powder vessel (1 1 1) and enters the powder 
chamber from the powder inlet through a powdw intake tube (5a3), but the air being sucked in 
that is mixed with the powder continues to pass into the air chamber while the filter elemait 
keeps the powder from passing into the air chamber, thus the powder gradually accumulates in 
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the powder chamber. The filtering action of the filter element continues to keep the dust emitted 
into the atmosphere from the exhaust port of the ejector at a low level that is not detrimental to 
the working environment. If the air pulse gen^ator feeds the control port of the three-way valve 
(15b) an air signal (yl) around the time the powder is being filled into the powder chamber, the 
three-way valve is brought into (A -> R) connection; the compressed air being fed into the 
ejector is stopped and at the same time the air pulses that are generated when the air in the air 
repressurization tank is fed into the air chamber through the quick exhaust valve, shake off the 
powder stuck to the side of the filter element facing the powder chamber, and at that time the 
discharge valve opens and discharges the powder in the powder chambCT into a tank (113) that is 
a "feed partner" located beneath it The operation mentioned above is one cycle of action. The 
problems that may arise in the above-mentioned ejector-type powder suction and discharge 
apparatus are as follows: 

(a) TnRtallation Space and Weight 

When the apparatus is to be attached to an indoor tank akeady installed with a height that 
ahnost reaches the ceiUng, it must be installed after removing part of the ceiling, because it is 
designed to be attached to cover the powder-charging inlet of the tank. Furthermore, the 
apparatus is heavy, and hence not easy to move once installed. 

fb) Limited Installation Conditions 

It is designed to be installed at the end of the powder intake pipe, and its function is to 
discharge the sucked powder in an intermittent maimer solely to the lower side after a particular 
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time; hence, the sucked powder cannot be conveyed somewhere else with this site as a relay 
point. Accordingly, maintraiance work on the apparatus must be performed on the feed partner 
tank (1 13), and is thus fraught with the difficulty and danger of work at a high place, or the heavy 
^paratus must be brought down to die floor. 

fc^ Limited Convevine Direction 

The powder conveying direction is fixed, and two-way conveying is impossible. When 
the powder is transferred m excess to the feed partner tank, there is no means of returning the 
excess to the original vessel. 

fd^ Batch-Mode Powder Convevine Apparatus 

The fact that the powder chamber is designed with a relatively large volume indicates a 
batch-mode powder conv^dng apparatus where one cycle comprised of the powdtar intake step 
and powder discharge step of said apparatus is set up so as to take more time on the former and 
less time on the latter. This means that the apparatus is of a type that takes a long time to carry 
out the suction of the powder and discharges a large amount of powder which corresponds to the 
volume of the powder chamber all at once in a short time, and is thus unsuitable for use in 
continuously conveying the powder little by little. Moreover, if it is used for such a purpose, an 
efficiency problem arises in that a huge amount of air corresponding to the large volume of the 
powder chamber is consumed, and furthermore there is a problem concerning waste in that the 
powder sucked into the powder inlet (Sal) in every powder suction step is dropped into the open 
powder vessel (1 1 1) in every powder discharge step. 
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[0003] 

[Problems to be Solved by the Invention] The objective of the present invention is to 
solve the problems mentioned above. 
[0004] 

[Approach to Solving the Problems] 

(a^ Approach to Reducing Weight and histallation Space 

In the present invention, a structure is designed such that the space itself on the inner side 
of a filter element fomis most of the powder chamber volume. This will be explained with 
reference to [Figure 1]. A cylindrical filter element (31) is inserted inside a cylindrical body (2), 
and a powder inlet check valve (4al) and a powder outlet check valve (4bl) are installed in the 
opemngs at bofli ends of the two, which means that the body and filter element comprise only a 
double tube; a powder chamber (6) is constructed in the space on the inner side of the filter 
element, and an air chamber (7) is constracted in flie space on the outer periphery of the filter 
element As a result, the height of the filter element and air chamber can be incorporated in the 
height of the powder chamber in the ejector-type powdo: suction and discharge apparatus shown 
in [Figure 7], Furthemiore, because an air in-and-out opening (lab) is provided in the cylinder 
part of the body (2), a powder pimip driving unit can be mounted by connecting it directly firom 
the side of the body to the air m-and-out opening, and thus the heigjit can be reduced. Moreover, 
the weight can be reduced because of the portion that is compressed in size. 



(h) A pproach to Improving the Limited Installation Conditions 

A technique similar to the operation of a reciprocating pump of the type used for liquid 
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transport is adopted, and a structure is designed that is suitable not only for suction but also for 
pressure-conveying, thereby enabUng said powder conveying apparatus to be installed anywhere 
in a powder conveying pipe. This means that the air suction step is carried out in the 
arrangement where the air in-and-out opening (lab) is connected to the air suction means (13); 
the powder inlet check valve (4al) opens in [Figure 1], etc.. or the valve part of the air actuated 
operating valve (4abL or 4abR), to be controUed to play the same role as said check valve, opens 
in [Figure 5 or Figure 6]; and the powder outlet check valve (4bl) closes in [Figure 1], etc., or 
the valve part of the air actuated operating valve (4abL or 4abR), to be controlled to play the 
same role as said check valve, closes in [Figure 5 or 6]. hi this case, a powder mixed with air is 
sucked from the powder inlet (Sal) in [Figure 1, Figure 2, or Figure 4] or from the powder inlet 
(5a2) in [Figure 3] or from the powder in-and-out opening (5abL or 5abR) on the valve open side 
in [Figure 5 or Figure 6], and enters the powder chamber (6), but only the air passes through the 
filter element and then the air chamber (7) and is sucked out from the air in-and-out opening 
(lab), while leaving the powder in the powder chamber. As opposed to this, the pressure- 
conveying step is carried out in the arrangement where the air in-and-out opening (lab) is 
connected to the compressed air feeding means (14); the powder inlet check valve opened in the 
air suction step or the valve part controUed to play the same role thereof, closes; and similarly the 
check valve or valve part that is closed, opens, hi this case, the compressed air shakes off the 
powder stuck to the inner surface of the filter element and thereby regenerates the filter element, 
and the compressed air that passes from the outside to the inside of the filter element works 
directly as a powder conveying medium and conveys the powder under pressure in [Figure 1, 
Figure 3, or Figure 5]; and the compressed air directed from the outside of the filter element to 
the inside is mainly provided for regenerating the filtering efficiency of the filter element, and the 
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purge air fed to the air inlet (la) plays a major role in pressure-conveying the powder in [Figure 
2, Figure 4, or Figure 6]. 

(c\ Approach to faiprovine the limited Conveying Direction 

This is achieved by controlling the operation of the air actuated part, based on the 
relationship that when one of the valve parts opens in correlation with the step switchover at the 
air in-and-out opening (lab), the other valve part closes in the powder pump main body, shown 
as (93) or (94), with the attached air actuated operating valves (4abL) and (4abR) that can prevent 
counterflow in any desired direction, depending on the control of the two air actuated parts with 
respect to each other, as shown in [Figure 5 or Figure 6]. This means that a fixed direction of 
powder conveying from the powder in-and-out opening (5abL) to (5abR) can be realized by 
controlling the operation of the air actuated parts so as to establish the relationship that (4abL) 
closes and (4abR) opens in the compressed air feed step, when it is assumed that the valve part of 
(4abL) opens and the valve part of (4abR) closes when the air suction step is underway at the air 
in-and-out opening (lab). Furthermore, two powder-conveying directions fit)m (5abL) to 
(5abR) and from (5abR) to (5abL), when shown in terais of the powder in-and-out openings, can 
be realized by installing the valve control air signal switchover valve (19b) in the middle of the 
air actuated control air signal passage and operating it in such a way that the open and close 
relationdiip between the opening valve and closing valve can be reversed, while the step in 
progress at the air in-and-out opening (lab) is kept unchanged. The above-moitioned 
relationships are open and close relationships similar to those of the check valves (4al) and (4bl) 
in the powder pump main body (91), such as in [Figure 1], in that the opening and closing 
operation of the valve parts of the mutual air actuated operating valves takes place in correlation 
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with a switchover between &e air suction step and compressed air feed step at the air in-and-out 
opaiing (lab), but, as opposed to this, if the valve parts of the air actuated operating valves are 
controlled such that both of them close at the early stage of compressed air feeding, as in [Claim 
5], the air chamber and powder chamber temporarily constitute an air repressurization tank and, 
as a result, this contributes to the ^proach to achieving the weight reduction mentioned in (a) of 
[0004] in the sense that the air repressurization tank (21) in the ejector-type powder suction and 
discharge apparatus shown in [Figure 7] can be omitted. 

A pproach to Tmpmvinp the Ratch-Mode Powder Conveying Apparatus 

hi comparison with tiie powdw chamber volume of the ejector-type powder suction and 
discharge apparatus, the volume is instead reduced in the present invention. This also contributes 
to the approach to achieving the weight reduction mentioned in (a) of [0004]. To convey the 
same amount as the amount of powdra: conveyed in one cycle of the powder suction step and 
powder discharging step in the ejector-type powder suction and discharge apparatus, the number 
of cycles is increased in the present invention to make up for the reduced volume. In other 
words, tiie amount of powder to be conveyed in the ejector-type powder suction and discharge 
apparatus, where one cycle with the ratio of time required for powder suction /time required for 
powder discharge is 20/1, is supposed to take 5 minutes, is instead conveyed in 60 cycles in 5 
minutes in the present invention, for example, supposing the ratio of one cycle is 2/1. To 
accomplish this, the check valve (4a2) is installed near the powder intake opening (5a4) of the 
powder intake pipe (5a3) connected to the powder inlet (Sal or 5a2) in the powder and air 
conveying apparatuses that convey the powder in a fixed direction, thereby preventing the 
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powder that is sucked in all at once into the powder inlet fiom falling toward the powder intake 
opening in a transition period to the compressed air feed step, and to create a state where the 
powder is always present at the powder inlet. Furthermore, a higher conveying speed can be 
achieved by forwarding flie powder alternately from two cyUnders by designing the two-cylindo- 
powder and air conveying apparatus as shown in [Figure 3]. 
[0005] 

[Action] The action of each figure will be tabulated, respectively, in tables and explained 
below. Each table potains to one cycle for operating the powder pump main body, which is 
completed by starting with no air signal (yl) being fed to the powder pump driving unit from 
outside or produced internally by the powder pump driving unit itself, and ending with the 
presence of an air signal. In the tables, *W pertaining to the air signal indicates the state that the 
air signal is vent-connected and there is no residual pressure on the output side. Furthermore, 
"(-)" pertaining to the system to be connected with the air inlet (la) indicates that it is connected 
to neither the compressed air feed means nor the air suction means. Furthermore, in [Figure 5 
and Figure 6], the air actuated operating valves (4abL) and (4abR) are individually running-type 
actuators, and the valve parts to be coupled with them are usually shown as closed valves. The 
system shown as a powder pump drive irnit in the dash-and-dot frame (161) of [Figure 1] is a 
typical example of an air circuit to run the powder pump main body (91) of [Claim 1]. [Table 1] 
shows the result of the connection of the air in-and-out opening (lab) to the external compressed 
air feed means (14) or air suction means (13) depending on the "yes" or "no" of the air signal (yl) 
given from outside m the relationship of said powder pump driving unit with the powder pump 
main body (91), the open or close operation of the check valves (4al) and (4bl), and the action of 
the powder pump main body. For one cycle, the length of the non-output time of air signal (yl) 
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detennines the duration of the powder intake step in the powder pump main body, and the lengfli 
of ou^ut time determines the duration of the powder pressure-conveying step. 

[0006] The system shown as a powder pump driving unit in the dot-and-dash frame (162) 
of [Figure 2] is a typical example of an air circuit used to run the powder pump main body (92) 
of [Claim 2]. [Table 2] shows the result of the connection of the air in-and-out opening (lab) to 
the extemal compressed air feed means (14) or air suction means (13), and the connection or 
non-connection of the air inlet (la) to the extemal compressed air feed system (14) depending on 
the "yes" or "no" of the air signal (yl) given from outside in the relationship of said powder 
pump driving unit with the powdw pump main body (92), the open or close operation of the 
check valves (4al) and (4bl), and the action of the powdra- pump main body. 

[0007] The system shown as a powder pump driving unit in the dot-and-dash frame (163) 
of [Figure 3] is a typical example of an air circuit used to run the powder pump main body of 
[Claim 6]. [Table 3] shows the result of the connection of the mutual air in-and-out openings 
(lab) to the extemal compressed air feed means (14) or air suction means (13) depending on the 
"yes" or "no" of the air signal (yl) generated intanally in the relationship of said powder pump 
driving unit with the mutual powder pump main bodies, the step performed in the respective 
powder pump main bodies (91), and the action of the two-cylinder powder pump in its entirety. 
The air pulse-generating circuit shown in the dotted-line frame (1 8a) in said powder pump 
driving unit enables flie length of non-output time and the length of output time of air signal (yl) 
to be regulated as desired by two delay circuits. 

[0008] The system shown as a powder pump driving unit in the dot-and-dash frame (164) 
of [Figure 4] is a typical example of an air circuit used to run the powder pump main body of 
[Claim 6]. [Table 4] shows the result of the connection of the mutual air in-and-out openings 
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(lab) to flie air rq)ressurizatioii tank (21) that takes on the character of an internal compressed air 
feed means by being connected to the external compressed air feed means (14) or to the ejector 
that takes on the character of the internal air suction means (13) in a similar manner, and the 
connection or non-connection of the air inlet (la) to the compressed air feed system (14), 
depending on the "yes" or "no" of the air sigoal (yl) generated internally in the relationship of 
said powder pump driving unit with the mutual powder pump main bodies, the step performed in 
the respective powder pump main bodies (91) [sic; should be "(92)" as shown in the Table and 
Figure], and the action of the two-cylinder powder pump in its entirety. Furthermore, the 
powder pump main body shown at the left in the powder pump main body shown in [Figure 4] is 
shown as the system of [Claim 7] with the check valve (4a2) installed to prevent the powder 
ftom felling into the powder intake opening (5a4). 

[00091 The system shown as a powder pump driving unit in the dot-and-dash frame (165) 
of [Figure 5] is a typical example of an air circuit used to run the powder pump main body of 
[Claim 3]. [Table 5] shows the result of the connection of the air in-and-out openings (lab) to 
the compressed air feed means (14) or air suction means (13) depending on the "yes" or "no" of 
the air signal (yl) fed to the powder pump driving unit from the outside for each connection of 
the valve control air signal switchover valve (19b), the open or close operation of the air actuated 
operating valves (4abL) and (4abR), and the action of the powder pump mam body, for the 
example shown in the figure. Here, the upper half of the table corresponds to one cycle in the 
powder conveying direction, which is executed according to one of the connections of (19b) 
mentioned in the table, and the lower half corresponds to one cycle in the opposite powder 
conveying direction, which is executed according to the other connection of (19b). 

[0010] The system shown as a powder pump driving unit in the dot-and-dash firame (166) 

17 



of [Figure 6] is a typical example of an air circuit used to run the powder pump main body of 
[Claim 4] so as to satisfy the control of [Claim 5]. [Table 6] shows the result of the connection 
of the air in-and-out openings (lab) to the compressed air feed means (14) or air suction means 
(13) depending on the "yes" or "no" of the air signal (yl) fed to the powder pump driving unit 
from the outside for each connection of the valve control air signal switchover valve (19b), the 
connection or non-connection of the air inlets (la) to the compressed air feed means (14), the 
open or close operation of the air actuated operating valves (4abL) and (4abR), and the action of 
the powder pump main body, for the example shown in the figure. Here, the upper half of the 
table corresponds to one cycle in the powder conveying direction, which is executed according to 
one of the connections of (19b) mentioned in the table, and the lower half corresponds to one 
cycle in the opposite powder conveying direction, which is executed according to Ihe other 
coimection of (19b). 

[Table 1] KEY to Table 1: (a) presence of air signal (yl); (b) no; (c) yes; (d) system to 
which (lab) is connected; (e) opening or closing operation of check valve (4al); (f) open; (g) 
close; (h) opening or closing operation of check valve (4bl); (i) close; 0) open; (k) action of 
powder pump main body (91); (1) suction from (Sal); and (m) discharging to (5bl). 
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[Table 2] KEY to Table 2: (a) presence of air signal (yl); (b) no; (c) yes; (d) system to 
which (lab) is connected; (e) system to which (la) is connected; (f) opening or closeing 
operation of check valve (4al); (g) open; (h) close; (i) opening or closing operation of check 
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valve (4bl); Q) close; (k) open; (1) action of powder pump main body (92); (m) suction from 



(Sal); and (n) discharging to (5bl). 
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[Table 3] KEY to Table 3: (a) presence ofair signal (yl);(b) no; (c) yes; (d) system to 
which (lab) on the left side of the figure is connected; (e) process in (91) on the left side of the 
figure; (£) discharging to (5b 1); (g) suction from (Sal); (h) system to which (lab) on the right 
side of the figure is connected; (i) process in (91) on the right side of the figure; (j) suction from 
(Sal); (k) discharging to (Sbl); (1) action of two-cylinder powder pump main body in its entiretjr, 
(m) suction from (5a2) and discharge to (5b2). 
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[Table 4] KEY to Table 4: (a) presence of air signal (yl); (b) no; (c) yes; (d) system to 
which both openings (lab) are connected; (e) system to which both inlets (la) are connected; (£) 
process in both (92); (g) suction from (Sal); (h) discharging to (Sbl); (i) action of two-cylinder 
powder pump main body in its entirety; (j) suction from both (Sal); and (k) discharging to (5b2). 
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[Table 5] KEY to Table 5 : (a) (19b) in (P -> A) (B R) connection; (b) presence of air 
signal (yl); (c) no; (d) yes; (e) presence of valve control air signal (y2); (£) presence of valve 
control air signal (y3); (g) presence of valve control air signal (y4); (h) presence of valve control 
air signal (y5); (i) opening or closing operation of valve part of (4abL); (j) close; (k) open; (1) 
opening or closing operation of valve part of (4abR); (m) system to which (lab) is connected; (n) 
action of powder pump main body (93); (o) suction fiom (5abR); (p) discharging to (5abL); (q) 
(19b) in (P B) (A ^ R) connectiol^ (r) suction from (5abL); and (s) discharging to (5abR). 
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[Table 61 KEY to Table 6: (a) (19b) in (P-)-A)(B-^R) connection; (b) presence of air signal 
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(yl); (c) no; (d) yes; (e) presraice of valve control air signal 0^); (f) presence of valve control air 
signal (y3); (g) presence of valve control air signal (y6); (h) presence of valve control air signal 
(y7); (i) presence of valve control air signal (y8); 0) system to which (la) on the (4abL) side is 
connected; (k) system to which (la) on the (4abR) side is connected; 0) opening or closing 
operation of valve part of (4abL); (m) close; (n) open; (o) opening or closing operation of valve 
part of (4abR); (p) system to which (lab) is connected; (q) action of powder pump main body 
(93); (r) suction from (5abR); (s) air repressurization; (t) discharging to (5abL); (u) (19b) in (P 
B) (A -> R) connection; (v) suction &om (5abL); and (w) discharging to (5abR). 
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[0011] 

[Actual Examples] For the spacer to be installed whai the filter element (31) made of a 
soft film-like material is used, a latticed cylinder (81) is used in [Figure 1 or Figure 2], and a 
spiral spring (82) in [Figure 3]. These may be cylinders made of a punching metal. In [Figure 5 
or Figure 6], the filter element (32) is shown as being stiff enough not to be drawn into the air in- 
and-out opening (lab) in the air suction step, and not to become warped in shape in the direction 
of gravity on account of the weight of the powder sucked into the powder chamber (6) when flie 
powder pump main body (93 or 94) is mstalled horizontally, thus no spacer is required. 

[0012] 

(a) A one-cylindar powder and air conveying sqpparatus as described in [Claim 1 or 2]. 

(b) A double-tube powder suction nozzle (12) as shown in [Figure 4] consisting of two 
tubes, i.e., an inner tube vMch forms a powda: intake opening (5a4) at one end and a connection 
with a powder inlet (Sal) of the powder and air conveying apparatus at the other opposite end, 
and an outer tube which forms an air blow-out opoiing at one end on the powder suction side of 
the inner tube and an air feed opening (lb) at the other (opposite) end. 

In a combination of the two arrangements mentioned above, a method for preventing the 
bag walls firom sticking together by blowing air out of the air blow-out opening of the outer tube 
into the bag, which is decreasing in volume, to the extent of making up for the decrease in 
volume while sucking the powder mixed with air fix>m the powder intake opening (5a4) of the 
inner tube of the double tube powder suction nozzle, in the use that is shown in the figure as an 
example where the air feed opening (lb) is connected to an exhaust port (zl) of a powder pump 
driving unit where the amount of exhaust air of an ejector as the air suction means (13) is 
adjusted by a flow rate control valve (22); characterized in that the air feed opening (lb) is 
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connected to an air feed source; and in that the powder is sucked into a sealed bag (1 12). 

[00131 In the one-cylinder powder and air conveying apparatus described in [Claim 1 or 
2], the powder pump main body (91 or 92) is modified as follows: In a powder pump main body 
assembled by insertmg a cylindrical filter element (31 or 32) inside a cylindrical body (2) 
provided with an air in-and-out opening (lab) to the outside, and attaching a blind cover to one 
opening [This is presumably the exterior opening between the cylindrical body and filter 
element, judging fi^om Figure 1 or Figure 2 - Tr. Ed,] and an inlet-side check valve (4al) and an 
outlet-side check valve (4bl) to the remaining openings in the openings of said two members 
formed at both ends, thus arrangmg a hole starting in the air in-and-out opening to the outside of 
the body that communicates with an air chamber (7) inside the body, the primary side of the 
inlet-side check valve constitutes a powder inlet (Sal), the secondary side of the outlet-side check 
valve constitutes a powder outlet (5bl), the space formed constitutes a powder chamber (6) with 
both of the check valves as closing ends, and tiie space formed on the outer circumference 
thereof constitutes an air chamber (7). A one-cylinder powder and air conveying apparatus as 
mentioned above. 

[0014] The one-cylinder powdCT and air conveying apparatus as described in [Claim 1 or 
Claim 2], wherein the check valve (4al or 4bl) that constitutes the power pump main body (91 
or 92) is a dual plate check valve such as shown in [Figure 1] or a ball check valve as shown in 
[Figure 3]. 

[0015] The one-cylinder powder and air conveying apparatus as described in [Claim 3, 
Claim 4, or Claim 5], wherein the valve part associated with the powder passage in the air 
actuated operating valves (4abL) and (4abR) that constitute the powder pump main body (93 or 
94) is of the ball, butterfly, or gate type . 
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[00161 The powder pump main body (91 or 92) of the one-cylinder powder and air 
conveying apparatus as described in [Claim 1 or Claim 2], wherein the body (2) is of the elbow 
type. 

[00171 

(a) A one-cylinder powder and air conveying apparatus as described in [Claim 1 or 2]. 

(b) A pipe that forms a connection with the powder inlet (Sal) of the powder pump main 
body (91 or 92) at one end and a wedge-shi^ed powder intake opening (5a4) at the other end. 

In an application where the above-mentioned two are combined and the powder in the 
lower layer of the powder filled in a tank is sampled, a self-digging powder sampler that 
performs self-digging by starting the operation with the powder intake opening (5a4) at the 
leading end of the pipe stuck into the surfiice layer of the powder, and brings the leading end of 
the pipe to the lower layer of the powder while discharging the dug-up powder to the surface 
layer. 

[0018] 

[Advantages of the Invention] 

(Sii Small and Lightweight 

An apparatus that completes one cycle by sucking a large volume of powder over a long 
time and then discharging this powder all at once cannot avoid having at least a large powder 
chamber, but the present invention is an apparatus of the type that conveys the same volume by 
repeating one cycle consisting of a powder suction step and a powder pressure-conveying step 
many times, and thus enables scale-down. Furthermore, the very space inside the filter element 
constitutes a powder chamber, and the size can be compressed by adopting a structure that 
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occupies most of the volume of the imier space, and at the same time the weight can be reduced. 

(h) Favorable Powder Conveying Conditions 

In the powder pump main body of the present invention, the inner diametCT of the powder 
chamber can be made equal to or even less than the imier diameter of the pipe on the powder 
suction side or the pipe on the powder discharging side, and furthermore the pressure loss and 
fiiction can be reduced by the use of a structure where the powder passes linearly through the 
powder chamber. 

(c\ Favorable Installation Conditions 

As long as the conveying conditions such as the physical properties and conve>ang 
distance of the powda: are satisfied, any place in a powder conveying pipe can be chosen to 
install tiie apparatus, and said apparatus can be installed anywhere &om one end to the other end 
of the powder conveying pipe. The installation direction is also highly flexible, and it does not 
matter whether the pipe arrangement is vertical or horizontal as long as there are no problems 
with respect to die opening and closing operation of the inlet or outlet check valves. Moreover, 
in the case of a powder pump main body using air actuated operating valves, the powder can be 
handled well even if the q)paratus is used in a vertical pipe arrangement. 

(d) Ease of Maintenance 

The relatively heavy powder pmnp main body has a simple structure, hence, when any 
problems occur, they are easy to pinpoint. When there are no problems with the powder pump 
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main body, maintenance work can be earned out by removing the light powder pump driving 
unit. 

(e) Two-Wav Transfer 

Two-way transfor is enabled with the use of a powder pump main body using air actuated 
operating valves. 

ffl Many DifFo-ait Combinations are Possible 

Flexibility is great, for example, a mixture of different powders can be conveyed by 
constructing a two-cylinder-type arrangement with ah attached powder outlet manifold; 
continuous transfer can be achieved by constructing a two-cylinder-type arrangemrait with an 
attached powder inlet manifold and a powder outlet manifold; and a self-digging powder sampler 
can be constructed. 

fg^ Simplification of Peripheral Facilities 

Dust collectors such as cyclones and back filters required for general powder and air 
conveying apparatuses are no longer necessary. 
[Brief Description of the Figures] 

[Figure 11 Figure 1 shows a partial sectional view of the powder pump main body and a 
diagram of an air circuit example of the powder pump driving unit in the one-cylinder powder 
and air conveying apparatus of [Claim 1] of the present invention. 

[Figure 2] Figure 2 shows a partial sectional view of the powder pump main body and a 
diagram of an air circuit example of the powder pump driving unit in the one-cylinder powder 
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and air conveying apparatus of [Claim 2] of the present invention. 

[Figure 31 Figure 3 shows a partial sectional view of a powder pump main body of 
combination (c) as described in [Claim 6] constructed with the use of two powder pump main 
bodies (91) and a diagram of an air circuit example of flie powder pump driving unit in the two- 
cylinder powder and air conveying apparatus of [Claim 6] of the present invention. 

[Figure 4] Figure 4 shows a diagram of an actual example where a powder pump main 
body of combination (b) as described in [Claim 6] is constmcted with the use of two powder 
pump main bodies (92) and a diagram of an air circuit example of the powder pump drivmg unit 
in the two-cylinder powder and air conveying s^paratus of [Claim 6] of the present invention. 

[Figure 5] Figure 5 shows a partial sectional view of the powder pump main body and a 
diagram of an air circuit example of the powder pump driving unit in the one-cylinder powder 
and air conveying apparatus of [Claim 3] of the present invention. 

[Figure 6] Figure 6 shows a partial sectional view of the powder pump main body and a 
diagram of an air circuit example of the powder pump driving unit in the one-cylinder powder 
and air conveying apparatus of [Claim 4 or Claim 5] of the present invention. 

[Figure 71 Figure 7 shows a schematic diagram of an actual example of an ejector-type 
powder suction and discharge apparatus and a diagram of the air circuit of the driving unit (167). 

[Description of the Symbolsl 

(1 ab): air in-and-out opening 

(la): air inlet 

(lb): air outlet 

(2): body 

(31): cylindrical filter element in the form of a film 
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